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CARDIAC ARREST can usually be treated
successfully by massage. When the time
interval between arrest and restoration of
circulation exceeds three or four minutes,
central nervous system injury prevents sur-
vival of the patient. The clinical picture of
unconsciousness, evidence of progressive
brain swelling, and finally death, following
apparently successful treatment of cardiac
arrest, is all too familiar. Hypothermia has
been found to reduce cerebral swelling in
patients undergoing intracranial operation
and has been reported to be beneficial in
patients with brain injury. For these rea-
sons it seemed advisable to use hypothermia
in treating patients with evidence of central
nervous system damage after cardiac arrest.
This paper records our experiences with
four such patients treated with hypothermia
following arrest.

Case Reports
Case 1. D. J. S., J.H.H. #13768. This five-

year-old colored male was well known in the
Pediatric Out-patient Department, having been
seen on numerous occasions with respiratory in-
fections. He was admitted to the Pediatric Service
on January 21, 1957, in an asymptomatic period
for diagnostic studies to evaluate the underlying
pulmonary disease. No abnormalities were found
on physical examination. Bronchography under
general anesthesia was performed the following
day. Pre-anesthetic medication and induction were
uneventful. The patient was intubated. Cyanosis

was noted and absence of pulse detected 11 min-
utes after introduction of contrast media. Four
minutes elapsed before thoracotomy was completed
and the heart found to be in standstill. The heart
beat was readily established with massage. Respira-
tory efforts began 14 minutes after arrest. After
the thoracotomy wound was closed, the blood pres-
sure and respiratory rate were adequate. The child
was unconscious and unresponsive to painful stim-
uli. The pupils were dilated and fixed. Hypothermia
with a water-cooled mattress "* was begun im-
mediately. During the next two hours some ex-
tensor spasm became evident and extensor plantar
responses were noted. The level of unconsciousness
did not change, and the pupils remained dilated
and fixed. Temperature was maintained at 320 to
340 C. Twenty-four hours later, extensor spasm
was gone and the patient responded to painful
and verbal stimuli; pupillary reflexes were present.
Forty-eight hours after arrest the patient could
move all extremities, recognized his relatives and
attempted to speak. Plantar responses became nor-
mal. At 72 hours, hypothermia was stopped. Fur-
ther recovery was rapid, and the child was dis-
charged 14 days after arrest. An electroencephalo-
gram one week after arrest was normal; psycho-
metric testing revealed a low normal score. Three
months after discharge the patient was asymp-
tomatic.

Case 2. S. P. J.H.H. #56 79 82. This nine-year-
old colored female had been an out-patient for
several years because of severe bronchial asthma
beginning at two years of age. After an asymp-
tomatic period of several months, she complained
suddenly on the morning of August 20, 1957, of
substemal pain and cough. Respiratory difficulty
became progressively severe, and the patient was
brought to the hospital 30 minutes after the onset
of symptoms. The child walked into the Emer-
gency Department and collapsed. She was found
to be pulseless and cyanotic. Endotracheal intuba-
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tion was quickly done and cardiac massage begun
in an estimated three minutes. The heart beat was
easily restored. After the thoracotomy wound was
closed, the patient was unconscious and unrespon-
sive, with dilated, fixed pupils and deep, even
respiration. Hypothermia was begun immediately,
and the temperature kept at 300 to 330 C. During
the first several hours, there were episodes of
extensor rigidity. Voluntary movements began
about 18 hours after arrest, and pupillary reflexes
retumed at about the same time. Hypothennia was
stopped 24 hours after arrest and the patient al-
lowed to warm slowly. Forty-eight hours after
arrest the patient was conscious and responsive.
Further convalescence was uneventful, and she was
discharged on September 1, 1957. No abnormal-
ities were found on examination two months later.

Case 3. W. S. J.H.H. #58 82 31. This 38-year-
old colored male was admitted to the Emergency
Department during the evening of September 28,
1957, after sustaining a knife wound of the left
chest. On admission he was unconscious and pulse-
less but was breathing. Neck veins were distended.
About two minutes after admission the shallow
respiration ceased entirely. Endothracheal intuba-
tion and left thoracotomy were quickly performed.
The pericardium was distended with blood; the
heart was in complete arrest. When the pericar-
dium was opened, bleeding from a laceration of
the right ventricle was controlled by pressure while
cardiac massage was begun. Good contractions be-
gan quickly, and the wound in the ventricle was
closed with catgut sutures. The estimated time be-
tween arrest and establishment of effective mas-
sage was five minutes. The patient was deeply un-
conscious and unresponsive, with dilated pupils
slightly responding to light. There was an increase
in extensor tone with hyperactive deep tendon
reflexes. Cooling was begun immediately. Tem-
perature was maintained at 320 to 330 C. A
tracheotomy was performed. Twenty hours after
injury the patient would respond to spoken voice,
and motor power was present in all extremities. At
the end of 48 hours, the patient was responsive
and except for amnesia concerning recent events,
there was no neurologic deficit. Cooling was
stopped at 48 hours, and the patient was dis-
charged in good condition nine days later. No ab-
normalities were found on examination one month
after discharge.

Case 4. C. L. J.H.H. #17 98 75. A 39-year-old
colored female was admitted to the Emergency
Department on November 16, 1957, after receiving
multiple ice pick wounds of the chest. There was a
history of pulmonary tuberculosis and left upper
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thoracoplasty. Initial chest x-ray showed a small
right pneumothorax. Respiratory distress gradually
appeared over a period of several hours and fol-
lowing an episode of vomiting, sudden collapse
and cardiac arrest occurred. Thoracotomy and car-
diac massage were carried out with difficulty be-
cause of adhesions, but effective heart beat was
established about five minutes after arrest was
detected, The right pneumothorax was treated by
catheter drainage under negative pressure. After
closure of the thoracotomy wound, the patient was
deeply unconscious and unresponsive with dilated,
fixed pupils. There was generalized extensor spasm
with extensor plantar reflexes. Tracheotomy was
performed and cooling begun immediately. Tem-
perature was maintained at 320 to 330 C. Vaso-
pressors were required to maintain blood pressure.
After 24 hours very slight response to painful
stimuli was noted. The pupils were smaller but
remained fixed. At 48 hours the level of conscious-
ness was unchanged but extensor spasm was less
marked. Cooling was stopped after 72 hours at
which time the patient responded to verbal stimuli.
After 96 hours normal muscle tone was present
and the patient attempted to speak. Vasopressors
were not used after the fourth day. Neurologic
examination five days after arrest revealed severe
visual defect with only light perception remaining.
This was considered cortical in origin. There was
no other neurologic abnormality. The patient con-
tinued to improve and at the time of discharge
four weeks after admission some visual return was
noted. One month after discharge further visual
improvement was noted. The patient was other-
wise well.

Discussion

Injury to the central nervous system fol-
lowing circulatory arrest is caused by
anoxia. The principal effects of anoxia on
the brain are direct injury to nerve cells
and the appearance of cerebral swelling.
The extent, reversibility, and clinical im-
portance of nerve cell injury are poorly
understood.6 7 24 Cerebral swelling is a
complex, non-specific reaction to injury
which is simply defined as any increase in
brain volume. The process apparently be-
gins with capillary endothelial injury and
the escape of fluid from the vascular space.
Carbon dioxide retention causes vasodila-
tion and the increase in intravascular fluid
adds to brain swelling. When the increase
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in brain volume exceeds the capacity of the
subarachnoid space, shifts in brain position
occur. Temporal and brain stem herniation
through the tentorial opening result in
blockage of spinal fluid circulation, direct
neurone injury and small mid brain hemor-
rhages. These shifts produce the clinical
signs associated with brain swelling, and
by producing local anoxia lead to increas-
ing vascular injury and further swelling.3 20
Whatever the exact mechanism of injury

it is clear that circulatory arrest of more

than four minutes duration will result in
fatal central nervous system injury in most
cases.12, 13 This time figure is modified by
such factors as individual variation, age,
presence of vascular disease, and presence

of anoxemia before arrest. It is, therefore,
impossible to predict the extent of brain in-
jury in a particular instance even when an

accurate time sequence is known. In gen-
eral, early clinical evidence of severe brain
injury following anoxia is associated with
a grave prognosis.2

Generalized hypothermia has been a sub-
ject of wide interest in recent years, and
its effects on the central nervous system
have been extensively studied. Hypother-
mia will reduce normal brain volume.5 '7
In addition it has been repeatedly demon-
strated that hypothermia will protect the
brain against anoxic injury.10, 12, 13, 15, 16 This
protection appears related to the demon-
strable reduction in cerebral oxygen con-

sumption and cerebral blood flow present
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in hypothermic individuals.", 4, 10, 18, 22, 23
The effects of hypothermia on already es-

tablished brain injury have been much less
extensively studied. Reduction of cerebral
swelling has been observed at craniotomy
for brain tumor."' 21 Furthermore, a number
of cases have been reported in which pa-
tients with head injury appeared to have
benefited from hypothermia.9"19 The mech-
anisms by which hypothermia may reduce
cerebral swelling or by which reduced
cerebral metabolism may minimize cellular
injury are not understood at this time."' 14

Few conclusions can be drawn from un-

controlled clinical series such as the one

presented. The prognosis in patients with
head injury is notoriously difficult to pre-

dict. In addition, the detection of cardiac
arrest is not without error and establish-
ment of accurate time sequence following
an emergency may be difficult. On the other
hand, in each of the presented cases cardiac
standstill was directly observed. As each
instance of arrest occurred outside the op-

erating room, it is likely that the time re-

quired for instituting effective massage was

longer than estimated. Anoxemia was cer-

tainly present before arrest in each case.
All patients showed signs of severe neuro-

logical injury soon after arrest and their
subsequent courses were consistent with
the diagnosis of cerebral swelling (Table
1). Finally, though no controls are avail-
able, it seems significant that in The Johns
Hopkins Hospital during the past ten years

,BLE 1

Case Number 1 2 3 4
Date Jan. 1957 Aug. 1957 Sept. 1957 Nov. 1957
Age 5yr. C.M. 9yr. C.F. 38C.M. 39C.F.

Cause of arrest Bronchogram Asthma Stab wound Stab wound
Duration of arrest 5 minutes 5 minutes 5 minutes 5 minutes
Neurologic damage Severe Severe Severe Severe
Hypothermia: Range 32-340 C. 30-320 C. 32-330 C. 32-340 C.

Duration 72 hours 24 hours 48 hours 72 hours
Residual neurologic defect None None None Moderate
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no more than five patients, exclusive of the
ones reported, have survived cardiac arrest
occurring outside the operating room area.

This problem has been investigated in
the laboratory by producing circulatory
arrest of ten minutes duration in dogs. The
results are summarized in Table 2 and
clearly indicate that hypothermia instituted
after anoxic injury will increase survival
rate in dogs. This work will be more com-
pletely reported in another publication.25
As a result of clinical and experimental

experience, we have come to consider the
following points important. Patients who
show evidence of central nervous system
damage following cardiac resuscitation
should be promptly cooled to 32° to 340 C.
and maintained there until there is evi-
dence of return of neurologic function. This
has not been longer than three days in our
cases. The Thermorite circulating mattress
has proven quite satisfactory for this pur-
pose. Tracheotomy should be performed at
the outset and respirations supported by a
mechanical respirator if necessary. Shiver-
ing has not been a problem. Early attention
to blood volume, electrolyte balance, and
renal function is essential.

Summary
Four patients with cardiac arrest occur-

ring outside the operating room area are
reported. Cardiac massage was instituted
within four to six minutes. All patients ex-
hibited signs of severe neurological injury
and were treated promptly with hypother-
mia (300 to 340 C.) which was maintained
up to 72 hours. Three patients recovered
completely; the residual neurologic defect
in the fourth is of moderate severity. The
beneficial effect of hypothermia is thought
to be in the reduction of cerebral swelling.
Similar patients treated without hypother-
mia have rarely survived.
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DISCUSSION

DR. WILFRED G. BIGELOW: This is a most in-
genious use for hypothermia, and judging from the
essayists' report, it is an effective therapeutic agent.
As Dr. Williams mentioned, it is difficult to assess
a small series with so many variables, but I think
he has presented a very strong case.

I have had no experience with this use of
hypothermia. I would like to ask a question, which
I don't want to detract from the presentation.
There were four cases presented, one 4, one 9
years of age, and two in their 30's. I think there
is good evidence that children can tolerate cerebral
hypoxia or anoxia better than adults, and perhaps
the younger the individual, the longer this can be
tolerated. It would be interesting to know, in the
cases which they have looked at over the past ten
years that have done less well what their average
age was.

As for commenting on the mechanism, there is
experimental evidence which is certainly related,
but with no direct bearing on this problem, by
Rosamoff, which shows that the brain reduces in
volume with reduced intracranial pressure at low
body temperatures.

The neurosurgeons, of course, are using this
technic successfully in brain injuries, and Botterell

and Lougheed in Toronto have observed in three
instances a compression flap which is bulging, di-
minish in size with long-term hypothermia over
several days.

The key to the local cellular problem appar-
ently is: does brain swelling occur following anoxia
and interruption of the circulation? And although
it probably does occur, it's remarkable that there is
very little evidence to confirm that it does, experi-
mentally or otherwise.

Some years ago, Dr. Heimbecker and I, using
a quartz rod technic, studied circulation in vivo in
the mesentery. We repeatedly saw diffusion of
fluid from the capillary arterial network following
local occlusion of the circulation, so there is cer-
tainly a physiologic basis for the application of
hypothermia.

Presumably, hypothermia dissipates this reac-
tion to anoxia, and extends the reaction over a
longer period of time in the brain, and thus pre-
vents final nerve damage.

This is a stimulating and interesting new line,
and I think these investigators deserve a good deal
of credit.

DR. J. C. WHITE: Working with Dr. Beecher
and Dr. Selverstone in the early 1940's, we were


